Cu 2 O nanowires are synthesized by reduction of CuO nanowires with hydrogen gas. Strong green photoluminescence dominated by band-edge emission is observed. Field effect transistors fabricated from individual Cu 2 O nanowires present high on-off ratio ͑Ͼ10 6 ͒ and high mobility ͑Ͼ95 cm 2 / V s͒. Furthermore, the device demonstrates a fast photoelectric response to blue illumination in air at room temperature. In addition, anomalous ferromagnetism appears in Cu 2 O nanowires, which may originate from the defects in Cu 2 O nanowires. This work shows the application potentials of the Cu 2 O nanowires, especially in an electrical and photonic device.
Nanowires ͑NWs͒ of a high aspect ratio and a nanoscale diameter have attracted intensive interest owing to their exceptional properties and promising applications in many potential technologies. Up to now, many semiconductor NWs have been successfully applied in nanodevices, including field effect transistor ͑FETs͒, 1 nanolasers, 2 and nanogenerators. 3 Cu 2 O is a p-type semiconductor of cubic structure with a direct band gap of 2.17 eV. 4, 5 Its outstanding excitonic properties including a large exciton binding energy ͑ϳ140 meV͒ have been the target of much research efforts during the past decades. 4 Cu 2 O layers on semiconductor and insulator substrates have exhibited interesting properties for field effect transistors, 6 photovoltaic devices 7 and photoelectrodes in high-efficiency photoelectrochemical cells. 8 Recently, Cu 2 O nanostructures including nanospheres, 9 nanocubes, 10 and NWs 5 have been synthesized with a variety of techniques. So far, however, there have been few reports on the physical properties and he practical potential of the Cu 2 O nanostructures, especially in electrical or photonic devices.
In this letter, we report that Cu 2 O NWs could be conveniently synthesized by reduction in CuO NWs in hydrogen gas. Strong green photoluminescence ͑PL͒ and anomalous ferromagnetism were observed in Cu 2 O NWs. We further fabricated FETs based on individual Cu 2 O NWs. Compared with CuO NW FETs, 11 the Cu 2 O NWs FETs show improved p-type transport performance with higher conductivity and higher mobility. In addition, the Cu 2 O NW devices demonstrate a fast photoresponse to blue illumination in air at room temperature.
Experimentally, CuO NWs were synthesized by the oxidation Cu foil in atmosphere according to a previous work. 12 Afterwards, the as-grown CuO NWs were reduced in H 2 / Ar 20% atmosphere at 200°C for 1 h, and a red Cu 2 O NWs film could be obtained. The microstructures and morphologies of the samples were characterized by x-ray diffraction ͑XRD͒ using a D8 Advanced diffractometer with Cu K␣ line and a JEOL 6700 FEG scanning electron microscope ͑SEM͒, respectively. The lattice images of Cu 2 O NW were observed by a JEOL 2010F high-resolution transmission electron microscope ͑HRTEM͒. Magnetic behavior was measured using a Quantum Design Physical Property Measurement System in the temperature range of 5 to 350 K. The PL spectra were recorded by a WITEC CRM200 confocal system with 532 nm laser ͑spot size: 500 nm͒.
To fabricate single NW FETs, the Cu 2 O NWs were removed by sonication from the substrates and subsequently dispersed in ethanol. The solution was dropped on SiO 2 / p + -Si ͑i.e., 200 nm insulated SiO 2 film covering p + -Si substrate͒, and photoresist layer of polymethylmethacrylate was subsequently spun over the SiO 2 / p + -Si substrate. Two electrical contact fingers together with their bonding pads were exposed by electron-beam lithography. After the development, a 100 nm thick Au film was deposited over the structure and followed by a lift-off process. The electrical transport properties were measured by Suss probe station with a Keithley 4200 SCS. Gate voltages were applied to the p + -Si substrate in standard global back-gate geometry. To characterize their photoresponse of current flowing through the Cu 2 O NWs, Ar laser ͑488 nm͒ was used as light source.
A low-magnification SEM image ͓Fig. In previous work, we reported an FET of CuO NW, which exhibits p-type conductive channel with field-effect mobility over 2 -5 cm 2 / V s. 11 In this work, the Cu 2 O NW is also used to as the conductive channel of the FET. An optical microscope image of a single Cu 2 O NW FET is shown in inset of Fig. 3͑a͒ . Figure 3͑a͒ shows the I ds -V g curve of single NW FET, which reveals that the on-off ratio is more than 10 6 . Figure 3͑b͒ displays the I ds -V ds curves of a typical Cu 2 O NW FET. From the I ds -V ds curves obtained under gate voltages ͑V g ͒ of Ϫ30, Ϫ20, Ϫ10, 0, and 10 V, it can be clearly seen that the conductance of the NW decreases as the gate potential increases, demonstrating that the Cu 2 O NW is a p-type semiconductor. The field effect mobility ͑͒ in a typical cylindrical NW of a radius r can be calculated according to Ref. 11. The transconductance g m = dI / dV g = 0.22 S can be extrapolated from the linear region ͑Ϫ40 V to 15V͒ of the I ds -V g curve. Moreover, the mobility e is 95 cm 2 / V s at V g = 0 V, which is higher than that of CuO NW FET and similar to that of single phase Cu 2 O epitaxial film. 6, 11 Photogenerated carriers could significantly increase the conductivity when semiconductor materials are illuminated by high energy photons.
14 Meanwhile, the large surface to volume ratio of semiconductor NWs is able to further enhance the sensitivity of the NW devices to light and even possibly leads to the realization of single photon detection. 15 In this work, for the first time, the photoconductivity of Cu 2 O NWs were investigated. Figure 3͑c͒ shows I-V characteristics of the Cu 2 O NW, measured in the dark room and with blue ͑488 nm͒ laser illumination. The conductance of NW increased from 0.7 to 4.3 S under blue laser illumination. Time-resolved measurements of photoresponse to 488 nm laser were conducted and the results are shown in Fig. 3͑d͒ . The "on" current and "off" current for each six cycle remain the same within the noise envelope, indicating the reversibility and stability of the Cu 2 O NWs optical switches. The photoconductivity response time is less than three seconds.
Finally, we measured the magnetic properties of Cu 2 O NWs. Figure 4͑a͒ displays the magnetization versus magnetic field ͑M-H͒ curve of Cu 2 O NWs at room temperature, and the diamagnetic signals from Cu substrate were subtracted. Interestingly, ferromagnetic hysteresis loops can be Fig. 2͑b͒ , only diamagnetism curves are observed in CuO NWs, which comes from the copper substrate. 18 We propose that the ferromagnetism originates from the defects in Cu 2 O NWs. 16, 19 In our experiment, the Cu 2 O NW is polycrystalline, so there are many defects, which prefer to reside on the surface and the grain boundary. The origin of magnetism may not result from the Cu 3d electrons but instead from the unpaired 2p electrons of O atoms in the immediate vicinity of the cation vacancies. We will continue to research the ferromagnetism of Cu 2 O NWs and look for the relative mechanism of Cu 2 O NWs in the future.
In conclusion, we report on the synthesis, optical, electrical, and magnetic properties of polycrystalline Cu 2 O NWs. 
